Background: fluoride (F) is an essential element for human being from health point of view. Its intake in high doses caused toxic effects on various organs. The liver is a target organ for F toxicity. Using natural supplements is a modern approach in treatment. Aim of the Study: this study aimed to investigate the effect of sodium fluoride (NaF) on liver tissue in adult male albino rats and also to determine whether calcium(Ca) co-treatment has an ameliorative role in reversing F toxicity or not. Material and Methods: eighteen adult albino male rats were categorized into three groups (each of six animals): Group I (Control): were given distilled water and fed balanced diet, Group II (NaF treated): were given NaF at a dose of 30 mg /kg/day and Group III (NaF and Ca treated): were received NaF (similar previous dose) and 20 mg /kg/day calcium chloride (Cacl). After six weeks, under anesthesia, the livers were rapidly delivered, dissected out carefully, prepared and examined by light and electron microscopy, biochemical, immunohistochemical, morphometeric studies. Results: the results showed that F induced severe histopathological changes in the liver tissue, significantly increased apoptosis and hepatic marker enzymes as compared to the control group. The histopathological changes induced by NaF included hepatocytic vacuolization, pyknosis and necrosis, vascular dilatation and congestion, Kupffer cell proliferation and periportal inflammatory cell infiltration. The ultra structural changes of hepatocytes included nuclear disorganization (Being heterochromatic, pyknotic nuclei or disintegrated chromatin), vague mitochondria ridges , fragmentation of the rough endoplasmic reticulum, dispersed ribosomes, disruption of hepatocytes microvilli, ill defined space of Disse , Kupffer cell activation and bile canalicular dilatation. Co-treatment with Ca failed to improve liver tissue damages induced by NaF treatment. Conclusion: results of this study suggested that NaF treatment caused severe damages to liver tissue. Ca coadministration failed to reset NaF induced hepatotoxicity.
INTRODUCTION
Fluoride (F) is very widely distributed in the natural environment and is extensively used among industry, agriculture as well as medicine
(1)
. It is an essential trace element for human body and is a normal constituent of soft tissues, body fluids, teeth and bones (2) . F sources are either natural or artificial and include fluoridated foodstuffs, insecticides, ground water, toothpaste, drugs, vapors released from industries using fluoride containing compounds and dentifrices (3) . Moderate levels of F intake promote bone development and are useful for caries prevention. However ingestion or inhalation of high F doses causes adverse effects on human and animal health (4, 5) . F toxicity targets not only the bone and teeth (6) , but also soft tissues including kidney . It has a toxicity on cells, genes and immune system and can induce lesions in the peripheral blood, kidney, spleen and intestine (10) and in the mouse spleen and kidney (11, 12, 13) . Being very active organ, the liver is involved in metabolism and elimination of toxic substances from the body. It's histological and biochemical parameters are very important to detect toxicity of chemicals. Subsequently, the liver is specifically liable to F toxicity (14) . Serum ALT, AST, ALK are known to be important markers to investigate the health of an animal species. ALT and AST are present in the mitochondria and cytoplasm respectively mainly in the liver. They are also located in striated and cardiac muscles and have a vital role in protein metabolism. High serum levels of these enzymes have been used as an indicator of tissue damage (15) . Previous studies have suggested that excessive F intake can induce oxidative stress and subsequently apoptosis (2,16,10) . Caspases are present in cells as inactive zymogens and undergo a series of catalytic activation at the beginning of apoptosis (17) . Therefore, the activity ofcaspase-3 could be checked to detect apoptosis. Marked improvement of F cytotoxicity when coadministered with a combination of carnosin, vitamin E and methionine has been shown (18) and when given in combination with each of quercetin, black tea extract , gallic acids and ferulic (19, 20, 14, 21 ) 2563 respectively. On the other hand, published reports on the role of Ca against F toxicity were little. Ca is an abundant mineral in the body and is available in several foods, dietary supplements and medicines like antacids (22) . Significant recovery from F toxicity was revealed when calcium phosphate was coadministered with ascorbic acid and given to NaFtreated mice (23) . However, a study has suggested that F induced cellular changes were associated with altered Ca homeostasis (24) . This study aimed to investigate the effects of F on liver of adult male albino rat using histological, ultrastructural, biochemical and immunohistochemical methods and also to investigate if Ca has a possible role to alleviate F induced hepatotoxicity or not.
MATERIAL and METHODS
Chemicals: NaF and Cacl and all other chemicals were obtained from Sigma Chemical Company.
Animals and treatment: this study was carried out on 18 adult male albino rats (2 months old and 250-300 g weight) obtained from the Farm of Laboratory Animals, Faculty of Veterinary Medicine, Zagazig University .The rats were housed at a constant temperature of 21± 2 °C, fed standard diets with water available ad libitum and kept under a 12-h light / dark cycle (lights on at 8:00 am). They were randomly categorized into 3 groups, 6 animals for each, treated orally by gastric feeding tube as described below for 6 consecutive weeks. Group I (Control group) received distilled water, Group II (NaF treated group) received drinking water with NaF dosed 30 mg /kg/day and Group III (NaF and Ca treated group) received NaF (the same previous dose) and Cacl dosed 20 mg /kg/day at the same time. Dose selection of NaF and Cacl was based on previous established studies (25, 26) . At the end of the experiment, the rats were randomly selected and anaesthetized, their abdomens were opened and the livers were rapidly extracted, dissected out carefully and processed for light and electron microscope examination.
Biochemical assays
Samples of blood obtained by cardiac puncture were collected into heparinized tubes. The serum was used to evaluate liver function by estimation of levels of activities of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase(ALP) enzymes by the methods of Reitman and Frankel (27) . I-Preparation for light microscopy: (Suvarna et al.) ( 28) . The liver tissues of animals from each experimental group were fixed in 10% neutral formalin for 48-72 h. The tissues were trimmed and processed for routine histological examination. Then, they were embedded in paraffin wax and 4-5µ sections were cut. Hematoxylin and eosin staining was used for all tissue sections. Tissue slides were examined under a light microscope in the Department of Oral Pathology, Faculty of Dental Medicine, Cairo University. II-Preparation for Transmission electron microscopy: (Glauert and Lewis) ( 
29)
Samples from fresh liver specimens obtained for transmission electric microscope (TEM) from animals of each experimental group were immediately fixed in 1% osmic acid and dehydrated in graded alcohol series. Resin sections of 50-nm were cut on resin microtome and dyed using uranyl acetate and lead citrate for electron microscopic examination in Departments of Histology, Faculty of Medicine , Zagazig and Tanta Universities.
III-Immunohistochemical technique:
Immunohistochemical reactions were performed on sections of liver tissue obtained from all the experimental groups using Caspase 3 antibody to identify caspase-positive apoptotic cells, sections of liver tissue were stained with rabbit-anticleaved caspase-3antibodies (From Cell Signaling Technology, Inc, Beverly, USA; Cat. No. 9661 and 9507) delivered from DAKO life trade Egypt. Routine immunohistochemical methods specifically as described by Unger et al.
(30) were established. 5 μ paraffin sections were heated in a microwave oven (25 min at 720 W) for antigen retrieval and then, incubated with the anti-caspase antibodies (1:50 dilution) overnight at 4•C.This was followed by incubation with biotinylated goat-anti-rabbit-IgG secondary antibodies (1:200 dilution; Biospa, Milano, Italy) and streptavidin/alkaline phosphatase complex (1:200 dilution; Biospa). Hematoxylin was used as a counter stain for nuclei. In routine histological sections, the immunohistochemical staining resulted in brown yellow reaction product in antigen-containing cells, whereas the background stained blue. Areas positive for a particular color of dye were selected and area percent was calculated by using software.
IV-Image analysis and morphometric studies: area percent
The image analyser computer system was used by using the software Leica Quin 500 at Oral Pathology Department, Faculty of Dental Medicine, Cairo University. It measures the area percent of the caspase-3 protein expression in liver tissue of rats / unit area. (Unit area = microscopic field) in a standard measuring frame using a magnification x400 by light microscopy transferred to the monitor's screen. These areas were masked by a green color using the computer system (Figure 1) . Area percent values for each experimental group were obtained from 5 different fields from different slides. Values were presented as mean and standard deviation.
V-Statistical analysis
Statistical analysis was performed by using Statistical Package of Social Science (SPSS), software version 22.0 (SPSS Inc., 2013) . Data were normally distributed (Parametric) and so expressed as mean ± SD. Statistical differences among the experimental groups were determined using oneway ANOVA. Multiple comparisons between groups were performed using Post hoc Tukey's test. Differences at p<0.05 or less were considered significant. All statistical calculations were carried out by using Graphpad Prism, Version 5.0 Software (Graphpad Software, San Diago, CA, USA). The portal vein was markedly dilated , thick walled, congested and contained hemolysed blood cells. Also, extensive periportal inflammatory cell infiltration was observed. The bile ducts appeared dilated and the hepatic artery had a thick wall (Figure 7) .
In NaF and Ca treated group (Group III), as compared to NaF treated group, there were extensive liver tissue damages manifested by markedly distorted cytoarchitecture, centrilobular and focal necrosis, markedly dilated central vein and severe congestion (Figure 8 ). Most hepatocytes showed extensive vacuolization with darkly stained nuclei. Others showed complete lysis leaving severely congested dilated sinusoidal spaces. Clumps of pyknotic nuclei were also observed ( Figure 9 ). Other hepatocytes appeared shrunken with dilated congested distorted sinusoidal spaces and Kupffer cell hyperplasia (Figure 10 ). The portal vein was extensively dilated and congested. Markedly thick walled hepatic artery and bile ducts dilatation and proliferation were well observed (Figure 11 ).
Transmission electron microscopy
In the control group (Group I), the hepatocytes exhibited rounded euchromatic nuclei with regular nuclear envelopes. The cytoplasm showed abundant polymorphic mitochondria with well developed transverse cristae and electron dense matrix, well developed endoplasmic reticulum profiles exhibiting regular orientation around the nucleus and clusters of ribosome (Figure 12 ). Tight junctions and bile ducts containing microvilli lying in between two adjacent hepatocytes were well demonstrated ( Figure 13 ). Kupffer cells were seen lining sinusoids and exhibited thin filipodia , cytoplasmic phagolysosomes with clear Disse spaces between them and hepatocytic microvilli (Figure 14) .
In NaF-treated group (Group II), hepatocytes were severely degenerated and showed shrinkage, cytoplasmic vacuolization, hazy organelles and deformed nuclei which were either heterochromatic (exhibiting clumping and margination of chromatin) or pyknotic (shrunken and hyperchromatic) or disintegrated (Figure 15 ).Some hepatocytes appeared apoptotic (showing detachment ,shrinkage with decreased cytoplasmic density and pyknotic nuclei) ( (Figure 16) . Most hepatocyte vacuoles were large compressing cytoplasmic organelles and closely opposed to mitochondrion with unclear ridges. Fragmented and decreased endoplasmic reticulum, dispersed ribosome ( Figure 17 ) and areas of decreased cytoplasmic density denoting lysis of cytoplasm and organelles were well demonstrated. Destructed hepatocyte microvilli projecting into ill defined space of Disse with active Kupffer cells characterized by numerous phagolysosomes were seen lining dilated congested hepatic sinusoids (Figure 18 ). Disrupted hepatocyte cell membrane and disintegrated nuclear membrane were also noticed (Figure 19 ). The bile ducts between two adjacent hepatocytes exhibited dilatation and the projecting microvilli were fragmented and decreased in number with distorted junctions between cells (Figure 20) .
In NaF and Ca treated group (Group III), the ultra structural results of this work showed more extensive toxic changes in liver when compared to NaF treated group. The most distinct damages observed were hepatocellular necrosis manifested by disrupted plasma membranes and fragments of degenerated organelles were dispersed in the extracellular spaces.
Most hepatocytic mitochondria appeared spherical in shape denoting swelling and others were disintegrated. Heterochromatic nuclei with prominent nucleoli were also observed (Figure21). Many hepatocytes were apoptotic and showed shrinkage with pyknotic nuclei (deformed hyperchromatic with defected nuclear membranes), high electron density of cytoplasm, extensive cytoplasmic vacuolization and fragmented hepatocyte microvilli (Figure22). Extensively dilated bile ducts with destructed microvilli were manifested (Figure23). Markedly dilated and congested hepatic sinusoids lined with very active Kupffer cells characterized by filipodia and huge number of phagolysosomes were well recognized. The hepatocytes microvill were destructed and the space of Disse was ill defined (Figure24). 
B-Immunohistochemical and Morphometric Results:
In the present work, caspase-3 positive areas existed in the cytoplasm and cell membranes and stained brown yellow. In the control rat liver (Group I), Caspase 3 immunolabeled cells were rarely present (  Figure 25a ). In NaF treated rats (Group II), increased number of immunolabeled cells around central veins was recognized (Figure 25 b) suggesting increased apoptosis. In NaF and Ca treated rats (Group III) there was more increase in number of immunolabeled cells around the central veins if compared to other two groups (Figure 25c) . The mean area percent analysis of the caspase-3 positive expression showed significant differences among the different groups (p<0.05) as shown in figure 26 and table 1.   Fig.25 (a-c) : photomicrographs of sections of rat liver (Caspase 3 immunostained and hematoxilin counterstained, yellow brown colour indicates immunopositivity) (x400). 
C-Biochemical Results:
The present study showed significant differences in ALT and AST enzyme activities among the different groups (p<0.05). On the other hand, there were non-significant differences (P>0.05) in mean values of ALP enzyme activity among different groups of the study (Figure 26 and table1) . 
DISCUSSION
Compared to the control group, NaF group of the present study showed marked histopathological changes including disrupted hepatic cords, vascular dilatation and congestion, Kupffer cell proliferation and inflammatory cell infiltration. In addition, the hepatocytes exhibited vacuolization, pyknosis, necrosis and complete lysis. Similar degenerative changes have been detected by many investigators in liver tissue exposed to toxic doses of fluoride in guinea pigs Also these results are in accordance with those of rat liver exposed to drug toxicity such as 5-FU (35) , cisplatin (36) and adriamycin (37) . It has been suggested that F induced vascular dilatation might be due to the direct fluoride toxicity (38) . Kupffer cell hyperplasia depicted in this work might be attributed to increased phagocytic activity of sinusoidal cells as a defense mechanism for detoxification (39) or might be a hepatic response to oxidative stress (40) . Also, F induced inflammatory cell infiltration in the hepatic tissue was considered to result from reactive oxygen species (ROS) generation (41) . The cytoplasmic vacuolization might be a consequence to disturbed lipid and fat metabolism (42) or due to an imbalance between rates of synthesis and release of substances in hepatocytes (43) . Pandey et al.
(44) suggested that F induced hepatocytic necrosis might be due to glutathione depletion and oxidative stress in these cells leading to apoptotic changes followed by swelling of cell organelles especially the mitochondria and rough endoplasmic reticulum and lysosomal disintegration with subsequent necrosis, shrinkage and nuclear dissolution of hepatocytes. In the present work, the histological alterations in liver of rats treated with fluoride are in agreement with the observed biochemical results reported in this study, where AST and ALT activities were significantly increased if compared to animals of the control group. This coincides with Blaszczyk et al (45) .
Yadav et al. and Jalaludeen et al.
(46,47) added that elevated AST and ALT activities have been used as a sensitive indicator of cytoplasmic and/or mitochondrial membrane damages.
As noted in the present results, the ultrastructural changes of hepatic cells in NaF treated group confirmed the light microscopic findings of F cytotoxicity. Furthermore, important morphological features were recognized especially structural membrane damage of mitochondria, endoplasmic reticulum, nuclear and plasma membranes. Data in this study confirmed the findings depicted by other researchers . It was suggested by many investigators that high F liver exposure in rat could induce lipid peroxidation with decreased antioxidative enzymatic levels and increased free radicals (ROS) generation.
Subsequently, the oxidative/ antioxidant balance system becomes disturbed leading to oxidative stress and oxidative damage to organs, tissues and molecules (proteins, lipids and DNA). Furthermore, DNA repair mechanisms become unable to counteract DNA damage . DNA damage due to ROS might explain nuclear disorganization obtained in the present study during NaF-treatment. Similar nuclear changes were detected in aluminum chloride treated mice liver (55) . According to the present study, in NaF treated group, the bile ducts showed manifest luminal dilatation and disruption of hepatocytes microvilli. These changes were very similar to the hepatocyte damage in aluminum-treated animals (56) and 5-FU treated mice (35) . The previous authors attributed these changes to direct excretion of toxin or drug in bile causing bile duct damage.
The F treated animals of this work revealed significantly increased expression of caspase-3 protein and this confirms the conclusion that fluoride induces apoptosis. Similar findings have been observed in Wistar rats thymus (57) and fish kidney . This work aimed to investigate if Ca coadministration during fluoride exposure is beneficial or not against NaF induced hepatic toxicity. To our knowledge, there are no recorded reports evaluating the role of calcium on the ultrastructural NaF induced hepatic damage. As noted in these results, the structural and ultrastructural studies showed that Ca co-treatment caused more degenerative changes in liver tissue when compared to NaF treated group. These findings also explained why AST, ALT levels and area percent of caspase3 expressions showed more significant increase (P<0.05) in Ca supplemented group in comparison with F treated group.
It was suggested that increased Ca2+ concentration might be one of the common features of cytotoxicity and cell death either directly or indirectly following changes in cellular processes , erythrocytes (64) and renal epithelial cells (65) via release from intracellular Ca2+ stores, suppression of Ca2+-pump, or activation of Ca2+ channels.
It has been shown that F would impair calcium homeostasis though toxic effect on mitochondria which is considered major calcium store (3) . Furthermore, the mechanism of intracellular calcium content in apoptosis induced F toxicity has been established (66) . A direct link between the concentration of free cytosolic Ca2+ and the transition of cell state to apoptosis and necrosis was demonstrated in the erythrocytes of NaF treated rat (64) . In the rat thymocytes, 10mM NaF increased an intracellular Ca2+ content and the population of shrunken cells
(67)
. Xu et al (68) suggested that increased intracellular Ca2+ concentration might be a major role in renal tubular necrotic mechanisms in fluorosis.
In contrast, Sun et al (69) established that low sperm hyper activation of the mice exposed to high NaF doses was due to decrease in the cellular calcium concentration and suppression of the Ca2 signaling pathway, what authors explained by the lack of endoplasmic reticulum in sperm.
Also, when F treated animals have been given Ca supplementation, F toxicity was reversed (23,25,70,51,22) .
However, Ca supplementation was effective only when co administrated with one or more of Vitamins C, D, E or with Protein.
CONCLUSION
In summary, results of this study suggested that fluoride exposure caused severe liver tissue damage. Calcium co-administration not only failed to restore hepatic damage,but also enhanced the fluoride-induced toxicity. 
